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The activity concentration of naturally occurring radionuclides in soil samples of an
elevated radiation background area of Western Ghats were determined using gamma-ray
spectrometry with the aim of evaluating the environmental radioactivity. The annual
effective dose equivalent and the radiation hazard indices from the soil activity were
estimated to reduce the harmful effects of gamma radiation to the population dwelling in
the area. The activity concentrations of 232Th and average outdoor terrestrial gamma dose
rate were found to be higher than the world average, this may affect Western Ghats
environment in general. Therefore, the radiological risks to the general population from
ionizing radiation from the naturally occurring radionuclides in the soil are considered to
be significant. However, other radiological hazard indices were found to be within
permissible limits.
Copyright ª 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Exposure to gamma radiation is mostly regarded as undesir-
able at every level, although no harmful effects are known to
follow very low-levels of exposure. Recently, considerable
attention has been given to low-level exposure arising from
naturally occurring radionuclides, particularly 238U, 232Th,
their decay products and 40K. Natural radiation sources are
very important and they deliver the highest radiation dose to
which human beings are exposed to (Aborisade, Olomo, &. Manigandan), chandar
ptian Society of Radiatio
sevier
iety of Radiation SciencesTchokossa, 2003; Marouf, Mohamad, & Taha, 1993). Natural
radioactive concentration depends mainly on geological and
geographical conditions and appears at different levels in soils
from different geological regions (UNSCEAR, 2000) i.e. thorium
and uranium may be redistributed during igneous, sedimen-
tary and metamorphic cycles of geological evolution, which
might have resulted in small concentrations of deposits under
favorable geological processes. Available information in-
dicates that the deposits of monazite on the coastal areas of
Kerala and Tamil Nadu are formed due to the weathering of
rocks in Western Ghats. Monazite sands consist of phosphateshekarbellan@gmail.com (B. Chandar Shekar).
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Fig. 1 e Distribution of Monazite sand along the Kerala coast.
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 3 1 0e3 1 6 311minerals of elements such as cerium which occur as small
brown crystals in the Kerala sands (these monazite sands are
mined for both cerium and radioactive thorium oxide). The
sands originate in the granites and gneisses of the Western
Ghats and are transported to the coast by more than 47
streams that indent the Kerala coastline (Valithan, Kartha,
Nair, Shivakumar, & Eapan, 1994) and it is shown in Fig. 1.
The study of the radioactive components in soil is a major
link in understanding the behavior of radioactivity in the
ecosystem, because these materials emit radiation by the
disintegration of natural radionuclides and contribute to the
total absorbed dose via ingestion, inhalation and external
irradiation (Steinhausler et al., 1992). Also, soil acts as a source
of continuous radiation exposure to humans and as amedium
of migration for the transfer of radionuclides to the biological
systems and causes radiological contamination in the envi-
ronment. In addition to the natural sources, soil radioactivity
is also affected by manemade activities. The sources of
radioactivity in cultivated soils are mainly due to the exten-
sive use of fertilizers, rich in phosphates, for agricultural
purposes (Abbady, El-Arabi, Abbady, & Taha, 2008). The con-
centration of uranium and partial thorium are increased in
environ due to these fertilizers. Usually fertilizers are
considered as a technologically enhanced source of natural
radiation (Abbady et al., 2008). Hence, soil radioactivity is
usually important for the purpose of establishing baseline
data for future assessment of radiation impact, radiation
protection, and exploration.2. Materials and methods
2.1. Study area
The soils analyzed were collected from elevations of between
2000 and 2400 m the Nilgiri Highlands, Tamil Nadu, South
India, which are situated between 11 000 and 11 300 N and
between 76 000 and 77 300 E. The Nilgiri massif is located at
the junction between the Eastern and Western Ghats, and is
bounded by abrupt slopes. The study area is shown in Fig. 2.
The vegetation above 2000 m in the highlands is a mosaic of
high-elevation evergreen forests, called ‘shola’ locally, andgrasslands with different compositions of flora, including C4
grasses (Rajagopalan, Sukumar, Ramesh, & Pant, 1997;
Sukumar, Suresh, & Ramesh, 1995).
2.2. Sample collection
The study area was divided into a 4-km grid and soil samples
were collected from 25 sampling points in the natural, un-
cultivated, and grass-covered level areas within the grid,
conforming to International Atomic Energy Agency recom-
mendations (IAEA, 1989). The 25 sampling points followed a
zig-zag pattern. Five 20-cm-deep samples were collected at
equal distances along a 1-m circle around the center of each
sampling point. This sampling method was used to improve
the representativeness of the samples. The position and
elevation of each sampling point was determined using a
global positioning system.
2.3. Sample processing
The soil samples were transported to the laboratory and plant
roots and other unwanted materials were removed. The
samples were then dried in an oven at 105 C for 12e24 h,
ground, and passed through a 2-mm sieve. About 400 g of dry
sample was weighed into a plastic container, which was
capped and sealed. The container was sealed to ensure that
none of the daughter products of uranium and thorium that
were produced, particularly radon and thoron, could escape.
The prepared samples were stored for one month before
counting to ensure that equilibrium had been established
between radium and its short-lived daughters. Detailed
gamma-ray spectrometry analysis was performed on the soil
samples.
2.4. Activity determination
The samples were analyzed using a NaI(Tl) spectrometer
coupled with TNIPCAII Ortec model 8K multi-channel
analyzer. The 232Th-series, 238U-series, and 40K activities
were estimated, as were the amounts of these radionuclides
that would enter the air from the soil. A 3 inch  3 inch NaI(Tl)
detector was used, with adequate lead shielding, which
Fig. 2 e Study area: Nilgiri district.
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 3 1 0e3 1 6312reduced the background by a factor of 95. The energies of in-
terest were found using an International Atomic Energy
Agency standard source and the appropriate geometry. The
system was calibrated in terms of both the energy response
and the counting efficiency. The density of the sample used
for the calibration was 1.3 g/cm3, which was the same as the
mean density of the soil samples analyzed (1.24 g/cm3), the
detector was very well shielded, and the counting time was
20,000 s for each sample. The minimum detectable concen-
trations, defined as 3  s (the standard deviation), were 7 Bq/
kg for the 232Th-series, 8.4 Bq/kg for the 238U-series, and
13.2 Bq/kg for 40K.
The concentrations of the radionuclides of interest were
determined using the counting spectrum for each sample. The
peaks corresponding to 1.46 MeV (40K), 1.76 MeV (214Bi), and
2.614 MeV (208Tl) were considered when evaluating the 40K,
238U-series, and 232Th-series activities, respectively. The
crystal detector resolution was 6% for 40K, 4.4% for the 232Th-
series, and 5.5% for the 238U-series. The gamma-ray spectrum
activities for each soil sample were analyzed using dedicated
software, and references were chosen to achieve sufficient
discrimination.
In addition to the gamma-ray spectrometric analysis, a low-
level survey environmental radiation dosimeter (type ER 705;
Nucleonic System PVT Ltd., Hyderabad, India) meter was used
to measure the ambient radiation levels in the forest in the
study area. The dosimeter had a halogen quenched Geiger-
eMu¨ller detector (Ind. lnc., U.S.A) powered by a rechargeable
battery, and was designed to read the exposure rate at two
levels, 0.1 mR/h and 1 mR/h. The dosimeterwas calibrated using
a standard source before use. The outdoor terrestrial gamma
dose rates were measured 1 m above the ground by a portable
digitalERDatall thesamplingsites.A totaloffive readingswere
recorded at each spot and the average was taken.2.5. Calculation of radiation hazard parameters
2.5.1. Dose calculation
2.5.1.1. Absorbed and observed dose rate. The mean activity
concentrations of 238U, 232Th and 40K are converted in to dose
rate based on the conversion factor given by UNSCEAR (2000).D ¼ ð0:462CU þ 0:604CTH þ 0:0417CKÞnGy=h (1)
where D is the absorbed dose rate (nGy/h), CU, CTh and CK are
the activity concentrations (Bq/kg) of 238U, 232Th and 40K in soil
samples respectively.
2.5.2. The annual effective dose equivalent (AEDE):
The annual effective dose equivalent received by a member
was calculated from the absorbed dose rate by applying dose
conversion factor of 0.7 Sv/Gy where the occupancy factor for
outdoor and indoor was 0.2(5/24) and 0.8(19/24), respectively
(Veiga et al. 2006).
The annual effective dose is determined using the
following equations:
Effective dose rate ðOutdoorÞ ðmSv=yÞ
¼ DðnGy=hÞ  8760 h 0:7 SvGy 0:2 103 (2)
Effective dose rate ðIndoorÞ ðmSv=yÞ
¼ DðnGy=hÞ  8760 h 0:7 SvGy 0:8 103 (3)
2.5.3. Radiological hazard indices:
The Gamma ray radiation hazards caused by the specified
radionuclides in samples were assessed by calculating the
different indices. Even though total activity concentration of
radionuclides is calculated, it does not provide the exact
indication of total radiation hazards. Also these hazard
indices are used to select the right materials because soil
potentially contaminated is used for making earthen huts,
bricks and pottery items.
2.5.4. Radium equivalent (Raeq):
Exposure to radiation can be defined in terms of many pa-
rameters. It is well known that, Radium equivalent activity
(Raeq) is one of the most widely used hazard indices. The
gammaeray radiation hazards due to the specified radionu-
clides were assessed by two different indices (Radium-equiv-
alent activity and external radiation hazard). The indices were
defined as below (Beretka & Mathew, 1985)
Raeq ¼ ðAU þ 1:43 ATh þ 0:077 AKÞ ðBq=kgÞ (4)
Table 1 e The activity concentration of radionuclides and Raeq values for different soil samples.
Locations Activity concentration (Bq/kg) Radium
equivalent (Bq/kg)
Ra eq
Observed dose
rate (ERD) (nGy/h)238U 232Th 40K
S-1 25.03 50.89 254.67 117.41 20.67
S-2 37.34 60.58 195.67 139.04 96.43
S-3 42.45 164.67 257.12 297.73 64.46
S-4 73.32 163.40 220.78 323.98 138.19
S-5 12.36 97.23 164.88 164.09 148.97
S-6 20.67 119.45 110.78 200.01 76.73
S-7 21.51 101.78 277.36 188.41 992.67
S-8 36.34 57.32 303.56 141.68 88.49
S-9 18.26 75.91 276.37 148.09 66.52
S-10 22.34 93.28 129.89 165.73 69.93
S-11 25.45 72.45 285.45 151.03 111.30
S-12 34.26 134.14 246.67 245.07 71.10
S-13 50.02 113.39 225.89 229.56 114.04
S-14 35.34 30.28 107.65 86.93 106.14
S-15 45.17 35.88 187.45 110.91 39.76
S-16 30.31 220.76 145.21 357.18 51.10
S-17 12.65 139.56 83.12 218.62 165.33
S-18 36.78 117.56 339.56 231.04 101.36
S-19 85.81 126.08 299.45 289.16 108.13
S-20 55.65 204.11 411.56 379.22 132.98
S-21 35.47 127.35 229.34 235.24 176.58
S-22 45.56 169.87 138.12 299.11 109.31
S-23 26.48 88.28 319.54 177.32 137.85
S-24 32.36 56.76 237.56 131.82 83.49
S-25 46.83 73.26 350.67 178.59 61.61
Mean ± s 36.3 ± 17.3 107.8 ± 50.4 231.9 ± 84.3 208.3 ± 79.4 133.3 ± 183
s ¼ Standard deviation.
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238U,
232Th and 40K (Bq/kg) in the soil samples respectively.
2.5.4.1. Hazard indices (Hex and Hin). The two indices repre-
sent the external and internal radiation hazards. These
indices are calculated by following the relation (Orgun et al.,
2007).
Hex ¼

CU
370
þ CTH
259
þ CK
4810

(5)
Hin ¼

CU
185
þ CTH
259
þ CK
4810

(6)
where CU, CTh and CK are the mean activity concentrations of
238U, 232Th and 40K in Bq/Kg respectively.
2.5.5. Activity utilization index (I)
The samples were also examined to determine whether they
satisfied the dose criteria when used as a building material.
For that reason, the Activity utilization Index (I) was calcu-
lated, using the equation given by El-Gamal, Nasr, and El-
Taher (2007).
Igr ¼ 1150 Bq=kgAU þ
1
100 Bq=kg
ATH þ 11500 Bq=kgAK (7)
where AU, ATh, and AK are defined as in Eq. (4).
2.5.6. Excess Life time Cancer Risk (ELCR)
Excess Life time Cancer Risk (ELCR) is calculated using the
equation given below.ELC ¼ AEDEDL RF (8)
Where AEDE, DL and RF are the annual effective dose equiv-
alent, duration of life (70 years) and risk factor (S/v) of fatal
cancer risk per sievert. For stochastic effects, ICRP 60 uses
values of 0.05 for the public (Taskin, Karavus, Topuzoglu,
Hindiroglu, & Karahan, 2009).3. Results
Activity concentrations of natural radionuclides (238U, 232Th
and 40K) for all samples were determined and are shown in
Table 1. Themean activity concentration ranges for 238U, 232Th
and 40K were 12.36e85.81 Bq/kg with an average of
36.31  17.3 Bq/kg, 30.28e204.11 Bq/kg with an average of
107.77  50.4 Bq/kg and 83.12e411.56 Bq/kg with an average of
231.93  79.4 Bq/kg, respectively.
The outdoor gamma-ray dose rates were measured 1 m
above the ground at each of the sampling sites using a
portable digital environmental radiation dosimeter. Five
readingsweremade at each spot and themean of the readings
was used. The terrestrial gamma-ray dose rate in the study
area range from 20.67 to 992.67 nGy/h and the mean was
133.33  183 nGy/h but the calculated absorbed dose rates
ranged from 39.11 nGy/h to 153.40 nGy/h with an average of
91.54  34 nGy/h that exceeds the world average value of
51 nGy/h (UNSCEAR, 2000). It can be seen from Table 2 that the
232Th-series contributed 71% of the total gamma-ray dose to
Table 2 e Radiological parameters for the soil samples.
Locations Absorbed dose
rate (nGy/h)
Hazard indices Activity utilization index AEDE (mSv/y) ELCR  103
Hex Hin I Outdoor Indoor Total
S-1 52.92 0.32 0.38 0.85 64.90 259.61 324.51 0.23
S-2 62.00 0.38 0.48 0.99 76.04 304.15 380.19 0.27
S-3 129.79 0.80 0.92 2.10 159.18 636.72 795.90 0.56
S-4 141.77 0.87 1.07 2.27 173.87 695.49 869.36 0.61
S-5 71.31 0.44 0.48 1.16 87.46 349.83 437.29 0.31
S-6 86.32 0.54 0.60 1.41 105.86 423.44 529.30 0.37
S-7 82.98 0.51 0.57 1.35 101.77 407.06 508.83 0.36
S-8 64.07 0.38 0.48 1.02 78.57 314.30 392.87 0.28
S-9 65.81 0.40 0.45 1.07 80.71 322.84 403.55 0.28
S-10 72.08 0.45 0.51 1.17 88.40 353.59 441.99 0.31
S-11 67.42 0.41 0.48 1.08 82.69 330.74 413.43 0.29
S-12 107.13 0.66 0.75 1.73 131.39 525.56 656.95 0.46
S-13 101.02 0.62 0.76 1.62 123.89 495.55 619.43 0.43
S-14 39.11 0.23 0.33 0.61 47.96 191.83 239.79 0.17
S-15 50.36 0.30 0.42 0.78 61.76 247.03 308.79 0.22
S-16 153.40 0.96 1.05 2.51 188.13 752.51 940.63 0.66
S-17 93.60 0.59 0.62 1.54 114.80 459.19 573.98 0.40
S-18 102.16 0.62 0.72 1.65 125.29 501.15 626.43 0.44
S-19 128.28 0.78 1.01 2.03 157.33 629.31 786.64 0.55
S-20 166.15 1.02 1.17 2.69 203.77 815.09 1018.86 0.71
S-21 102.87 0.64 0.73 1.66 126.16 504.64 630.80 0.44
S-22 129.41 0.81 0.93 2.09 158.71 634.83 793.54 0.56
S-23 78.88 0.48 0.55 1.27 96.74 386.95 483.69 0.34
S-24 59.14 0.36 0.44 0.94 72.53 290.12 362.64 0.25
S-25 80.51 0.48 0.61 1.28 98.73 394.94 493.67 0.35
Mean ± s 91.54 ± 34 0.56 ± 0.2 0.66 ± 0.24 1.47 ± 0.55 112.3 ± 42 449.1 ± 167 561.8 ± 208 0.39 ± 0.15
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10% of the total gamma-ray dose.
The calculated indoor and outdoor AEDE values are quoted
in Table 2. The average, minimum and maximum values for
outdoor and indoor were found to be 112.3  42 mSv/y,
47.96 mSv/y and 203.77 mSv/y, respectively and
449.06  167 mSv/y, 247.03 mSv/y and 815.09 mSv/y,
respectively.
The outcomes of external and internal radiation hazard
indices are shown in the Table 2, in the soil, the external and
internal hazard indices were found to be 0.56  0.2 and
0.66  0.24 respectively.
The radium equivalent activities (Raeq) and the represen-
tative level index values Iɤr, were calculated using the formula
given Equations (3) and (5). Based on the annual external dose
of 1.5 mGy, the activity limits in terms of (Raeq) and Iɤr are
370 Bq/kg and 1 respectively, for the safe use of soil products.
It is observed that the radium equivalent activity and the
representative level index values were 208.28 6  79.4 Bq/kg
and 1.47  0.55, respectively as shown in the Table 2.Table 3 e Comparison of the activity concentrations with thos
Country Activity (Bq/kg)
238U 232Th 40K
Western Ghats 26.26 53.61 231.93
India 64 93 124
Algeria 47.01 43 329
Brazil 1.69 5.32 34.15
Egypt 13.7 12.3 1233
Pakistan 27.39 31.16 602.77Excess Life time Cancer Risk (ELCR) is calculated using the
Equation (5) and shown in the Table 2. The range of ELCR is
0.17 103 to 0.71 103 with an average of 0.39 0.15 103.4. Comparison of the activity concentrations
with those found in similar studies
The 238U, 232Th, and 40K activity concentrations, Raeq, and Iɤr
for the samples from the terrestrial environ was compared
with the values found in similar investigation in other coun-
tries, and the results are summarized in Table 3.5. Discussion:
In all sampling sites, mean activity concentration is of the
order 232Th< 238U< 4 K. In few sites, the activity concentration
of 238U and 40K is high, which may be due to (i) the solubility
and mobility of U ðVIÞO2þ2 (ii) the presence of loamy and claye found in similar studies.
Raeq
(Bq/kg)
Iɤr Reference
118.6 1.47 This study
206.5 1.4 Singh, Rani, and Mahajan (2005)
132 0.95 Wassila and Ahmed (2011)
12 0.1 Becegato and Ferreira (2008)
126.2 1.04 Ahmed and El-Arabi (2005)
142.71 1.02 Akhtar, Tufail, and Ashraf (2005)
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for agricultural purposes (Powell et al. 2007).
Table 3 Comparison of the 238U, 232Th, and 40K activity
concentrations, radium equivalent activities (Raeqs), and
representative level indices (Iɤrs) found in soil samples in this
and other studies. The concentrations of 238U and 40K for all
measured samples were within the world average values
(World average value of 238U and 40K is 35 Bq/kg and 400 Bq/kg
respectively). However, according to UNSCEAR (2000), the
global 232Th activity concentration range is 7e50 Bq/kg (mean
35 Bq/kg). The measured 232Th activity concentration in the
study area was 3 times higher than the global mean, indi-
cating the presence of monazite at that sampling site. As is
shown in Table 3, the radioactivity found in terrestrial soils
varies from country to country. It is important to note that the
values shown are not representative values for the countries
mentioned, but only for the regions in which the samples
were collected.
The average absorbed dose rates for all samples are higher
than the world average value (51 nGy/h) (UNSCEAR, 2000).
Studies indicate an average outdoor terrestrial gamma dose
rate of 60 nGy/h in the world, ranging from 10 to 200 nGy/h
(Taskin et al., 2009). The present study shows that the average
terrestrial gamma dose rate is 133.33 nGy/h, which is higher
than the world average. The gamma radiation level is directly
associated with the radionuclide activity concentrations in
the samples and with cosmic rays (Taskin et al. 2009). The
observed gamma-ray dose rate wasmore than 50% of the dose
calculated from the soil activities, and the difference would
have been caused by the cosmic radiation contribution to the
total dose in theWestern Ghats environment, which is 2400m
above sea level. The present values of indoor and outdoor
AEDE is higher than the world average values (70 mSv/y for
outdoor, 450 mSv/y for indoor), which may be attributed to the
higher activity concentration of 232Th. The Raeq values were
much higher in the terrestrial environment,mainly because of
the use of fertilizers, which are rich in phosphates, on the
terrestrial sites for agricultural purposes (Abbady et al., 2008).
Phosphate rocks contain significant concentrations of U, Th,
Ra, and their decay products (Skorovarov et al., 2000). Hazard
indices of all site samples were found to be less than Unity
(permissible level) (Orgun et al., 2007). Average ELCR for all
samples is marginally higher than the world average
(0.29  103). It may be noted that ELCR for Western Ghats is
far lower than the ICRP prescribed value of 0.05. According to
these results, the risk of cancer is found to be negligible.6. Conclusion
The average activity concentrations of soil samples collected
from the terrestrial environment of Western Ghats were
within the world and Indian average values, however the
activity concentration values of 232Th were on the higher
side of the world ranges. The average outdoor terrestrial
gamma dose rate was higher than the world average and
thus Western Ghats region comes under an elevated back-
ground radiation in world. Not only that the calculated ac-
tivity utilization index was also found to be higher than
recommended safe limit values. This implies thatinhabitants of the study area were subjected to a radiation
exposure, which was significantly higher that the corre-
sponding exposure levels reported in other areas world
wide. In spite of all this, the other calculated radiological
hazard indices were within the acceptable limits (Safety
Limit). Also the results of measurements will serve as
excellent base line data and, especially as a reference level
for soil samples of Western Ghats.
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